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MOBILE WIRELESS COMMUNICATION DEVICES WITH 
INTERNAL ANTENNAS AND REPLACEABLE HOUSINGS 

FIELD OF THE INVENTIONS 

The present inventions relate generally to mobile wireless 
communications devices, and more particularly to mobile wireless communication 
handsets, for example cellular handsets, having housing portions with antenna 
loading characteristics, and combinations thereof. 

BACKGROUND OF THE INVENTIONS 

Cellular telephone handsets having internal antennas are well 
known and have substantial appeal among consumers, likely because internal 
antennas are housed completely within the handset body or housing where the 
antennas are invisible and inaccessible to the user, thus providing communication 
handsets free of protrusions, which tend to interfere with the comfortable 
handling and ready storage thereof. Internal antennas having improved 
performance are thus important, particularly for cellular handsets. 

Cellular handsets having replaceable housings and cover portions 
also have substantial consumer appeal because replaceable housings and cover 
portions enable consumers to change the cosmetic appearance of the cellular 
handset at a relatively low cost. Handset platforms having multiple different 
housings and housing portions interchangeably mountable on a common 
electronic handset body also have appeal to manufactures, which may use the 
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different housings to differentiate between product lines without changing 
relatively costly hardware. 

Antenna tuning and performance is related generally to the shape, 
size and composition of the housing, particularly portions thereof that cover 
portion of the antenna, particularly internal antennas. Thus, depending on 
antenna type and location, replaceable housings have the potential to affect 
antenna performance. To compensate for the different loading effects of different 
housings, the antennas may require tuning to obtain optimal performance, but 
tuning is a procedure that must be done by the manufacturer or a technician. 

The various aspects, features and advantages of the present 
invention will become more fully apparent to those having ordinary skill in the art 
upon careful consideration of the following Detailed Description of the Invention 
with the accompanying drawings described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a cellular handset body having a radio receiver 
coupled to an antenna and an interchangeable housing portion having a reference 
antenna loading characteristic. 

FIG. 2 illustrates a cellular handset body and another 
interchangeable housing modified to have the same antenna loading characteristic 
as a reference housing portion. 

FIG. 3 illustrates a cellular handset body and a third interchangeable 
housing modified to have the same antenna loading characteristic as a reference 
housing portion. 
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FIG. 4 is a detailed illustration of a housing portion and an 
exemplary discrete feature for changing antenna loading. 
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DETAILED DESCRIPTION OF THE INVENTIONS 

The invention pertains generally to mobile wireless communication 
handsets having improved antenna performance and to handset systems 
comprising generally multiple housings or housing portions interchangeably 
mountable on a common handset body. 

In one embodiment the handset body is a generic hardware handset 
body used in different products lines, which are distinguished by different 
housings or housing portions mounted thereto and in some embodiments by 
different software configured features of the handset. 

The exemplary handset body is that of a cellular radio handset 
communications device, although alternatively it could be a 2-way radio device or 
a satellite based communication radio device or a receiver only, for example a 
Global Positioning System (GPS) receiver. 

The handset body comprises generally electrical communications 
circuitry coupled to an antenna, and in some embodiments other electrical 
hardware, including input output circuitry, devices and ports typical of cellular 
and two-way radios. In FIG. 1, the handset body 100 comprises a transceiver 120 
of a 2-way or cellular radio handset, and a housing portion 160 interchangeably 
mounted thereto. The complementary front-side housing portion is not illustrated 
in FIG. 1. 

In the exemplary cellular handset bodies of FIGS. 2 and 3, the 
electrical hardware of the handset body 200, 300 includes a display 210, 310 and an 
array of keypad inputs 220, 320, an audio output 230, 330 and other electrical 
interface typical of cellular handsets. 

The handset bodies of FIGS. 1, 2 and 3 may be identical or 

substantially identical, and accommodate different interchangeable housings or 
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housing portions. In FIG. 1, the housing portion 160 has a different shape than the 
housing potions 250 and 350 of FIGS. 2 and 3. The housing portion 160 has a 
different antenna loading characteristic than the similar housing portions 250 and 
350 of FIGS. 2 and 3 resulting from the different shape. Generally, the housing 
portion 250 and 350 may also have different antenna loading characteristics, 
despite their similar shapes, resulting from the different materials that constitute 
the housing portions. The housing portions may be made of different materials, 
which influence the antenna loading characteristics thereof. The housing portions 
may also have different finishes, for example a metal flake paint or a metallic 
deposition finish, which influences the antenna loading characteristic thereof. 

In the exemplary embodiment of FIG. 1, the handset body includes 
an internal antenna 140, for example a planar inverted F antenna, although other 
internal antennas may be used alternatively. In other embodiments, only a portion 
of the antenna is internal. In the exemplary embodiments of FIGS. 1-3, an internal 
antenna 140, 214, 314 is located within the top backside of a candy bar style 
handset body 100, 200, 300, and the antenna is loaded by the back housing 
portions 160, 250 and 350 of the phone. The antenna generally includes a portion 
that is proximate a portion of the interchangeable housing or housing portion 
mounted on the handset body, wherein the housing portion imparts a 
characteristic load on the antenna that affects the resonant frequency of the 
antenna. 

In one embodiment, the handset body is part of a system that 
includes interchangeable housing portions that are mounted on a common portion 
of the handset body, generally proximate the antenna or a portion thereof. The 
interchangeable housings generally have different antenna loading characteristics 
resulting possible from differing shapes and/or some other factor that does not 
necessarily depend on shape, examples of which were discussed above. 
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As noted, interchangeable housing portions having different shapes 
tend to load the antenna differently, resulting in changes in the resonance of the 
antenna, depending on many- variables, including the housing material, thickness 
and particularly the gap between the antenna and the housing portion. 

In FIG. 1, the housing portion 160 has a characteristic antenna 
loading characteristic on the antenna, dependent generally upon the configuration 
and mounting relationship of the housing portion 160 relative to the handset body, 
particularly to the antenna 140 thereof. In the exemplary embodiments of FIGS. 2 
and 3, the internal antenna 214, 314 is located within the top backside of a candy 
bar style handset body 200, 300, and the antenna is loaded by the back housing 
portions 250 and 350 of the phone. 

Although the external appearance of the housings of FIGS. 2 and 3 is 
identical or substantially similar, the housing portions have different antenna 
loading characteristics, as discussed above. In the present invention, an antenna 
loading feature compensates for differences between the different antenna loading 
characteristics of different antenna housing portions so that any of the housing 
portions may be mounted handset body without affecting antenna performance 
and without requiring tuning. 

Generally, the housing portion with the greatest loading on the 
antenna is used as a reference housing. In the exemplary embodiment, the 
reference housing or housing portion is the housing portion 160 in FIG. 1. The 
antenna loading character of the housing portion is usually largely dependent on 
the air gap between the antenna and the internal portion of the reference housing. 
In one embodiment, the antenna loading characteristic of the interchangeable 
housing portions, which load the antenna less than the reference housing, are 
modified to provide the same loading on the antenna as the reference housing. An 
equivalent approach is to use as a reference housing that with the least antenna 
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loading, and to decrease the loading of the other interchangeable housing portions 
having greater loading characteristics, if possible, for example by removing 
material from an inner portion of the housing adjacent to the antenna. 

In one embodiment, the antenna loading feature is a portion of the 
housing wall adjacent the antenna having a different thickness, increased or 
decreased, relative to the thickness of other housing portions or relative to other 
interchangeable housings. 

In FIG. 2, the antenna loading feature is an arrangement of molded 
ribs 252 formed integrally on an internal side portion of the back housing portion 
adjacent the antenna 214 to make the loading of the housing portion comparable to 
the dielectric loading of a reference housing. FIG. 4 is a detailed illustration of a 
ribbed feature 452, which in one embodiment is molded integrally with the 
housing portion 440. In other embodiments, the ribbed feature may be replaced 
with an integrally formed solid portion or feature. 

In another embodiment, in FIG. 3, the antenna loading characteristic 
of the housing portion 350 is increased to the reference loading by the addition of a 
discrete member 360 between an internal side 354 of the second housing portion 
and the internal antenna 314 when the second housing portion is mounted on the 
handset body. The discrete member 360 may be aligned and retained or captured 
in its position with tabs or other structure on either the handset body or preferably 
on the housing portion to facilitate accurate positioning during assembly. 

In one embodiment, the discrete antenna loading feature is a 
dielectric material besides air. In another embodiment, the discrete antenna 
loading feature comprises a conductive material, for example a metal conductor, 
which is separated from the antenna by a dielectric, for example an air gap, or an 
insulating material. 
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The loading of the housing portion may be increased also with a 
combination of discrete and integrated features, for example the ribbed portion 
and some form of the discrete antenna loading member illustrated in FIG. 3. 

In another embodiment, illustrated in FIG. 3, antenna performance is 
improved by positioning a discrete resonating conductive member, for example 
element 360, adjacent the internal antenna, spaced apart therefrom by a dielectric, 
for example an air gap. In systems that include multiple interchangeable housing 
portions, antenna performance may be improved by positioning a conductive 
member adjacent the antenna for all interchangeable housing portions, and the 
antenna loading characteristics thereof may be compensated with another antenna 
loading feature, for example a discrete and /or integrally formed dielectric 
material. 

While the present inventions and what is considered presently to be 
the best modes thereof have been described in a manner that establishes 
possession thereof by the inventors and that enables those of ordinary skill in the 
art to make and use the inventions, it will be understood and appreciated that 
there are many equivalents to the exemplary embodiments disclosed herein and 
that myriad modifications and variations may be made thereto without departing 
from the scope and spirit of the inventions, which are to be limited not by the 
exemplary embodiments but by the appended claims. 

What is claimed is: 
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